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A pH indicator comprising a solid substrate coated at least 
partially by at least one layer of at least one substance, 
Wherein said the and the substrate are having different colors 
and Wherein the at least one substance is selected to dissolve 
or to decompose When exposed to predetermined pH Values, 
thereby exposing said ?rst color. 
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PH INDICATOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention generally relates to pH indi 
cators and more speci?cally to a novel type of pH indicator 
sticks coated by substances having pH-depending solubility 
properties, for the detection of pH transitions. 
[0003] 2. Discussion of the RelatedArt 
[0004] There are many cases Where a change in the pH level 
beloW or above a certain value re?ects a crucial change of a 
condition or a crucial stage during a process. For example, pH 
of bodily ?uids and secretions are used for diagnosing various 
biological conditions. A deviation from the normal value may 
indicate abnormal condition. For example, studies have 
shoWn that pH of vaginal ?uid Which is equal to or greater 
than 4.6 may be a symptom of bacterial vaginosis or candida. 
Another example is food products Where the drop of the pH 
level may indicate spoilage of food. Although it is noW man 
datory in mo st countries to indicate an expiration date on food 
products, the indicated expiration date is estimation only and 
does not necessarily re?ect the real status of the particular 
food product. Many more other examples are knoWn in vari 
ous industrial applications. 
[0005] Accurate measurements of pH are conducted poten 
tiometrically by using a pH-meter With pH-selective elec 
trode. HoWever, such measurements are not alWays feasible 
or Worthwhile. Moreover, many times it is su?icient to only 
know Whether the pH falls beloW and/or elevates above a 
speci?c threshold value While it is of less importance to knoW 
the exact pH value before the transition occurs. For this rea 
son it is a common practice to use pH indicators Which have 
different color at different pH values. pH indicators having 
pH dependent color are Well knoWn for many years. They 
consist of compounds, usually Weakbases or acids that, due to 
differences in electronic con?guration, have a different vis 
ible color in their neutral and charged forms. Small amounts 
of such pH indicator compounds can be added directly to test 
samples or alternatively, the compounds are impregnated 
onto a substrate, typically paper strips, to form pH indicator 
strips. HoWever, the reading and interpretation of such pH 
indicators is subjective. Interpretation is particularly ambigu 
ous at the pH range Where the indicator turns its color (pKa) 
i.e., Where both forms of the compound are present. More 
over, indicator strips tend to lose their pH indicative color 
upon drying, therefore reading has to be made immediately 
Which is not alWays possible. 
[0006] The present invention provides a neW type of pH 
indicators Which is based on pH dependent solubility proper 
ties. The indicators of the invention give a clear visible signal 
(a color signal) When a predetermined pH change occurs. The 
invention provides a full spectrum of indicators Which can be 
designed for a speci?c pH transition and speci?c use. By 
selecting the appropriate substances, the novel indicators may 
be adjusted to accurately detecting any desirable pH change. 
For example, suitable substances may be selected to provide 
a pH indicator that changes color only in the range 4<pH<6 
but maintains its default color in all other pH values. Another 
type of indicators may be prepared that give a signal When the 
pH changes above or beloW one or more predetermined 
thresholds. For example, by selecting the appropriate sub 
stances, an indicator may be designed to react only When 
pH>l0 or pH<3 but remains unchanged When 3<pH<l0. 
Moreover the novel indicators may be tailored to indicate a 
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particular pH change in an expected non-monotonic pH 
behavior. For example if during a process the pH is knoWn to 
?rst elevate and then to fall again so as to pass through the 
same pH value tWice but it is only the second time that should 
be indicated. 
[0007] The pH indicators of the invention may be stand 
alone indicators con?gured as sticks or strips to be immersed 
into a test sample, or may be incorporated into a variety of 
articles including, but not limited to, food products and dis 
posable absorbent articles such as hygienic pads and panty 
shields. 

SUMMARY OF THE PRESENT INVENTION 

[0008] It is a general object of the present invention to 
provide a novel type of pH indicators Which give a clear 
visible signal upon a pH transition beloW or above a prede 
termined threshold or a predetermined range. 
[0009] A further object of the invention is to provide such 
an indicator Which canbe designed for a speci?c pH transition 
and a speci?c use. 

[0010] Yet a further object of the invention to provide a pH 
indicator Which is based on pH-depending solubility proper 
ties. 
[0011] Other objects and advantages of the invention Will 
become apparent from the folloWing description. 
[0012] In accordance With the above objects there is pro 
vided a pH indicator comprising a solid substrate coated at 
least partially by at least one layer of at least one substance 
Wherein the at least one layer is having a ?rst color and 
Wherein the substrate is having a second color different from 
the ?rst color. The at least one substance is selected to dis 
solve or to decompose When exposed to predetermined pH 
values, thereby exposing said ?rst color. The at least one 
coating layer may be applied to both faces of the substrate or 
to only one face and may cover the Whole face or be applied 
in a discontinuous manner to form a predetermined pattern. 

[0013] In accordance With one embodiment of the inven 
tion, the at least one coating layer is essentially insoluble at 
pH values loWer than a preselected pH value and essentially 
soluble at pH values higher than said preselected pH value. 
[0014] In accordance With another embodiment, the at least 
one coating layer is essentially insoluble at pH values higher 
than a preselected pH value and essentially soluble at pH 
values loWer than said preselected pH value. 
[0015] In accordance With yet another embodiment the at 
least one coating layer is essentially insoluble in a pH range 
delimited by a loWer pH limit and an upper pH limit and 
essentially soluble at pH values loWer than said loWer pH 
limit or higher than said upper pH limit. 
[0016] Yet in accordance With a further embodiment the at 
least one coating layer is essentially soluble in a pH range 
delimited by a loWer pH limit and an upper pH limit and 
essentially insoluble at pH values loWer than said loWer pH 
limit or higher than said upper pH limit. 
[0017] According to certain embodiments of the invention, 
the pH indicator is coated, at least partially, by tWo or more 
layers Wherein at least tWo of these layers are having different 
pH-depending solubility properties. 
[0018] The pH indicator of claim 1 Wherein may be fabri 
cated from any of plastic, Wood, glass, metal, fabric or paper. 
According to a speci?c embodiment the substrate is a pH 
indicator strip impregnated With one or more pH indicator 
compounds. 
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[0019] The substances that constitute the coating layer may 
be any substance that is having pH-dependent solubility prop 
er‘ties including amino acids, peptides, polypeptides, pro 
teins, fatty acids, lipids, natural or synthetic polymers or a 
combination thereof. 
[0020] The invention further relates to articles containing 
the novel pH indicator of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention Will be understood and appre 
ciated more fully from the folloWing detailed description 
taken in conjunction With the draWings in Which: 
[0022] FIGS. 1A and 1B are a plan vieW and a transverse 
cross sectional vieW, respectfully, of a ?rst embodiment of a 
pH indicator of the invention; 
[0023] FIGS. 2a and 2b are a plan vieW and a transverse 
cross sectional vieW, respectfully, of a second embodiment of 
a pH indicator of the invention; 
[0024] FIGS. 3a and 3b are a plan vieW and a transverse 
cross sectional vieW, respectfully, of a third embodiment of a 
pH indicator of the invention; 
[0025] FIG. 4 is a solubility graph of [3-lactoglobulin as 
function of pH, given as an example for pH depending solu 
bility behavior. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0026] The present invention provides a novel type of pH 
indicators Which can be designed to provide a full spectrum of 
pH indicators for detecting predetermined pH transitions. 
[0027] Generally, the pH indicators of the invention com 
prise a solid substrate coated by at least one layer of one or 
more substances, Wherein the solid substrate and the coat are 
having different, easily distinguishable, colors. The sub 
stances that constitute the coat layer are having pH-depend 
ing solubility properties and are selected so as to dissolve 
When brought in contact With a liquid of a predetermined pH 
range, thereby exposing the substrate underneath. For all 
other pH value outside said predetermined pH range the coat 
remains unchanged. Thus, upon exposure, the color of the 
substrate provides a clear visible signal. 
[0028] The solid substrate may be any inert solid that does 
not dissolve or react under any pH value for Which the indi 
cator is designed. Preferably, the substrate is selected depend 
ing upon the type of media of the application for Which it is 
designed so as not to react With other materials that might be 
present in the media. Possible substrate materials include, but 
are not limited to, plastic (e.g., polypropylene, polyethylene, 
polyester, copolymers etc.), Wood, glass, metal, fabric and 
paper. The solid substrate may be rigid or ?exible for best 
?tting the application for Which it is designed. The substrate 
may be colored by any knoWn technique either by incorpo 
rating the color in the form of a pigment or dye, during the 
fabrication of the substrate or by painting or dying the sub 
strate, providing the pigment or dye does not react or leach 
under pH changes. In accordance With a preferred embodi 
ment of the invention, the substrate is fabricated from colored 
plastic sheets. 
[0029] It Will be realiZed that one of the advantages of the 
present invention is that the color of the substrate, namely the 
signal color, can be selected to be any color, thus alloWing 
choosing a color Which is having a large contrast With the 
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color of the coat. This is in contrast With knoWn pH indicator 
strips, Where the color change is an inherent property of the 
indicator. 

[0030] In accordance With the designated application for 
Which the indicator is designed, either both faces, or only one 
face of the solid substrate may be coated. The coating may be 
applied in the form of a continuous layer to cover the Whole 
face or in a discontinuous form to form a particular pattern on 
the substrate surface. FIGS. 1 through 3, illustrate different 
con?gurations of the pH indicator stick of the invention. It 
Will be realiZed that although the general shape of the indictor 
as depicted in the ?gures is an elongated strip, the indicator 
may assume any other shape and form. Thus, the indicator 
may be shaped and dimensioned to best ?t the application for 
Which it is designated. FIG. 1 depict a ?rst embodiment of a 
pH indicator of the invention, generally designated 10, 
according to Which both surfaces of the solid substrate 15 are 
coated by a layer 18. Embodiment 10 ?ts applications Where 
the indicator is immersed in a liquid and Where both faces of 
the indicator are visible. For example indicator 10 may be 
used as an indicator for detecting spoilage of a food liquid 
product such as milk, sold in a container. A separate compart 
ment, Within or attached to the container and visible from the 
outside may contain a small volume of the liquid and an 
indicator of the invention, designed to expose the substrate 
When the pH drops beloW a predetermined value, is immersed 
inside the compartment. FIGS. 2 depict another embodiment 
of a pH indicator, designated 20, according to Which only one 
surface of substrate 25 is coated by a layer the 28. Embodi 
ment 20 is suitable for applications Where only one face of the 
indicator is visible. For example, indicator 20 may be incor 
porated into panty shields for detecting elevation of pH of 
vaginal ?uids above 4.6. FIG. 3 depict yet another embodi 
ment, designated 30, according to Which the coated layer is 
applied to surface 31 of substrate 35 only partially in a dis 
continuous manner so as to form a particular pattern 38, a star 
in this speci?c example, that changes color When the coat 
layer dissolved. Pattern 38 may be in the form of alphanu 
meric characters, geometric shapes, symbols etc. In this 
embodiment, the area of the substrate underneath coat layer 
38 is having a color Which forms a contrast With the color of 
the coat layer While the rest of surface 31 may have the same 
color as the coat layer such that the pattern becomes visible 
only When the coat layer dissolved. The indicators of the 
invention, as illustrated in embodiments 10, 20 and 30, may 
be fabricated by ?rst coating large sheets of substrate and then 
cut the sheets to the desired dimensions, thus reducing the 
manufacturing time required for coating each indicator indi 
vidually. The substances that form a coating layer of a speci?c 
indicator are solid at the Working temperature range for Which 
the indicator is designed. Preferably, the coating substances 
are of a White or a light color that Will not color the surround 
ing of the indicator upon dissolution. 
[0031] The substances that form the coating layer are 
selected to have pH-depending solubility properties so that 
they essentially dissolve only under certain pH values but 
remain intact under other pH values. In accordance With 
different embodiments, the range at Which the coat layer 
dissolve may have a loWer limit, namely, the coat dissolves at 
pH>X; an upper limit, i.e., the coat dissolves at pH<Y; a 
limited range bound by a loWer and an upper limit, i.e., the 
coat dissolves at X<pH<Y; or may be insoluble betWeen a 
loWer and an upper limit and soluble at pH<X and pH>Y 
Where Y>X. The last embodiment is particularly useful in 
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cases Where X and Y correspond to the lower and an upper 
limits of the “normal” pH range of a test sample While any 
deviation above or beloW this range is an indication for an 
abnormal condition. Further, in accordance With a speci?c 
embodiment of the invention the substrate may be a conven 
tional pH paper indicator strip, namely a strip impregnated 
With a pH indicator compound. The selection of a conven 
tional pH indicator strip as the substrate of the pH indicator of 
the invention is particularly useful When the indicator is 
designed for indicating both elevation beyond or drop beloW 
normal pH range. By appropriate selection of the conven 
tional pH indicator strip as the substrate, the color of the 
exposed pH paper Will indicate Whether the deviation is beloW 
or above the normal rage. 

[0032] In accordance With other embodiments of the inven 
tion, more than one coating layer can be used Wherein each of 
the layers is having different pH-depending solubility prop 
er‘ties and Wherein the combination of the layers exposes the 
substrate (i.e., gives a visible signal) at the desired pH tran 
sition. 

[0033] Such combination embodiments may be required 
When it is not possible to obtain the desirable solubility pro?le 
by only one layer. For example, consider a case Where a test 
sample is having an initial pH value of 10 and an indicator is 
to be designed Which Will give a signal When and if the pH 
drops doWn to 5 but there is no one compound that is hydro 
phobic (i.e., is insoluble) at 5<pH<l0 and hydrophilic (i.e., 
soluble) at pH<5. In this case a combination of three layers: an 
outermost layer insoluble in the range 7<pH<l0; an interme 
diate layer insoluble betWeen 6<pH<9; and an inner layer 
insoluble betWeen 5<pH<6.5, Will provide the desired behav 
ior since the ?rst (outermost) layer Will dissolve When the pH 
drops to 7, the second (intermediate) layer Will dissolve When 
the pH further drops to 6 and the inner layer Will dissolve 
When the pH reaches 5, thereby exposing the substrate. It Will 
be realiZed that the above example is given for illustrative 
sake only and should not be interpreted by any Way as a 
concrete example. Another case Where the combination 
embodiment is particularly useful is When a test sample 
undergoes a non-monotonic pH change, such that the pH may 
pass through the same pH value more than once but it is only 
the second time that the solution reaches this value that is to be 
indicated. In such a case a combination of layers may be 
designed such as to provide the desirable behavior by incor 
porating an intermediate layer that Will remain intact the ?rst 
time the sample reaches this speci?c value but Which Will 
dissolve later under different pH values to expose the ?nal 
innermost layer Which is selected to dissolve When the sample 
reaches this speci?c pH value again, thereby exposing the 
substrate. 
[0034] It Will be realiZed that the terms “soluble” and 
“insoluble” When used to describe the coating layer of the 
present pH indicator are used in relation to the particular 
application (namely the test sample) for Which the indicator is 
designed. Thus, the amount of the coating substance (i.e., area 
and layer thickness) could be selected in accordance With the 
conditions and volume of the expected test sample and the 
speci?c use of the indicator. The appropriate amount for a 
speci?c application can be determined for example by cali 
bration With test samples. 
[0035] The substances that form the coating layer may be 
selected from any compounds knoWn to have pH-depending 
solubility properties or may be tailored speci?cally for the 
purpose of the present invention by modifying knoWn com 
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pounds. Such compounds may include for example poly 
meric compounds used for controlled release of active ingre 
dients through pH control such as used in pharmaceutical 
applications for pH-controlled release of drugs or in the 
cleaning industry for pH-controlled release of detergent and 
Wash additives. Such polymeric compounds may be tailored 
to exhibit a speci?c pH-dependent solubility characteristics 
by manipulating the ratios betWeen ionic groups and hydro 
phobic groups in side-chains. 
[0036] In particular suitable for the present invention are 
compounds Which are having more than one ioniZed form 
including amino acids, peptides, polypeptides and proteins, 
and/or are having a hydrophobic moiety and a hydrophilic 
moiety including amphipathic substances such as fatty acids 
and lipids. Certain amino acids and peptides as Well as pro 
teins Which carry both positive and negative ionic groups at 
their side chains are particularly suitable as tend to be soluble 
When they have a net charge, i.e., at pH values above or beloW 
their isoelectric point but have a minimum solubility at their 
isoelectric point. FIG. 4 is an example of the pH-depending 
solubility behavior of [3-lactoglobulin (from “Biochemistry”, 
C. K. MatheWs, K. E. van Holde and K. G. Ahren, Addison 
Welsley Longman, Inc., third addition, p. 48). 
[0037] The coating compounds can be applied to the sub 
strate from the melt or from solution in any conventional 
manner including dipping the substrate in the melt or the 
solution, spraying the melt or solution on the substrate, brush 
ing the melt or solution onto the substrate, or pouring the melt 
or solution over the substrate. When applied from solution the 
solvent is subsequently removed to leave the substance on the 
substrate. When appropriate an intermediate binder may be 
used to adhere the sub stance onto the substrate. In accordance 
With other embodiments, the substance may be molded to 
form holloW molds into Which the substrate may be inserted 
and sealed. 
[0038] The indicator sticks of the invention can be used as 
stand-alone sticks to be dipped into a test sample or may be 
incorporated into a variety of articles such as food containers, 
panty shields, hygienic napkins, diapers and more. 
[0039] It Will be appreciated by persons skilled in the art 
that the present invention is not limited to What has been 
particularly shoWn and described hereinabove. Rather the 
scope of the present invention is de?ned only by the claims 
Which folloW. 

1. A pH indicator comprising a solid substrate coated at 
least partially by at least one layer of at least one substance, 
Wherein said layer is having a ?rst color and said substrate is 
having a second color different from the ?rst color and 
Wherein said at least one substance is selected to dissolve or to 
decompose When exposed to predetermined pH values, 
thereby exposing said ?rst color. 

2. The pH indicator of claim 1 Wherein said layer is essen 
tially insoluble at pH values loWer than a preselected pH value 
and essentially soluble at pH values higher than said prese 
lected pH value. 

3. The pH indicator of claim 1 Wherein said layer is essen 
tially insoluble at pH values higher than a preselected pH 
value and essentially soluble at pH values loWer than said 
preselected pH value. 

4. The pH indicator of claim 1 Wherein said layer is essen 
tially insoluble in a pH range delimited by a loWer pH limit 
and an upper pH limit and essentially soluble at pH values 
loWer than said loWer pH limit or higher than said upper pH 
limit. 
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5. The pH indicator of claim 1 wherein said layer is essen 
tially soluble in a pH range delimited by a loWer pH limit and 
an upper pH limit and essentially insoluble at pH values loWer 
than said loWer pH limit or higher than said upper pH limit. 

6. The pH indicator of claim 1 Wherein said substrate is 
fabricated from any of the following: plastic, Wood, glass, 
metal, fabric or paper. 

7. The pH indicator of claim 1 Wherein the substrate is a pH 
indicator strip impregnated With one or more pH indicator 
compounds. 

8. The indicator of claim 1 Wherein said at least one sub 
stance is selected from the group consisting of amino acids, 
peptides, polypeptides, proteins, fatty acids, lipids or a com 
bination thereof. 

9. The indicator of claim 1 Wherein said at least one sub 
stance is a polymer having a pH-depending solubility prop 
erties. 
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10. The indicator of claim 1 Wherein said at least one layer 
comprises tWo or more layers and Wherein at least tWo of said 
tWo or more layers are having different pH-depending solu 
bility properties. 

11. The indicator of claim 1 Wherein the substrate is having 
a ?rst face and a second opposite face and Wherein both faces 
are at least partially coated by said at least one layer. 

12. The indicator of claim 1 Wherein the substrate is having 
a ?rst face and a second opposite face and Wherein only one of 
said ?rst and second faces is at least partially coated by said at 
least one layer. 

13. The indicator of claim 1 Wherein said at least one layer 
is applied to at least one face of the substrate in a discontinu 
ous manner to form a predetermined pattern. 

14. An article containing the pH indicator of claim 1. 

* * * * * 


